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(57) An apparatus for retaining a cartridge in a re-
movable media disk drive during drive operation is dis-
closed. The apparatus has a protuberance (32) at a dis-
tal end of a flexible arm (33). When a cartridge is pushed
into the drive, it engages the protuberance and flexes it
alongthe edge of the cartridge. The protuberance flexes

Cartridge retention mechanism for a removable cartridge drive

back when it engages a cut-out in the side of the car-
tridge. An opening in a side wall of the disk drive chassis
allows the flexible arm to flex out when the cartridge en-
gages it. The flexible arm is attached to a sliding lever
(22). As the cartridge is inserted further into the drive,
the flexible arm moves past the opening and thereby
locks the cartridge into the drive.
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Description

Background of the Invention

[0001] This invention relates to cartridge based data
storage systems. More particularly, the invention relates
to the retention of a disk cartridge in a disk drive during
the operation of the drive.

[0002] Cartridge basedtape and disk data storage de-
vices for storing digital electronic information have been
in use in the computer industry for several decades. Re-
movable disk cartridges typically comprise an outer cas-
ing or shell that houses a diskshaped magnetic, mag-
neto-optical or optical storage medium upon which in-
formation can be stored. The cartridge shell often com-
prises upper and lower halves that are formed of injec-
tion molded plastic and are joined together to house the
disk. Magnetic disk media can be either rigid or flexible
and are mounted on a hub that rotates freely within the
cartridge. When the cartridge is inserted into a disk
drive, a spindle motor in the drive engages the disk hub
in order to rotate the disk within the cartridge at a given
speed. The outer shell of the cartridge typically has a
media access opening proximate one edge to provide
the recording heads of the drive with access to the disk.
A shutter or door mechanism is provided to cover the
head access opening when the cartridge is not in use to
prevent dust or other contaminants from entering the
cartridge and settling on the recording surface of the
disk. The shutter is commonly biased to a closed posi-
tion with a spring bias. To open the shutter and gain ac-
cess to the media, the drive employs a mechanism that
overcomes the bias of the spring.

[0003] Disk drives for use with such removable disk
cartridges typically employ either a linear actuator
mechanism or a radial arm actuator mechanism for po-
sitioning the read/write head(s) of the disk drive on the
recording surface(s) of the storage medium, or disk. Be-
cause the disk cartridges are designed to be removable
from the drive, the linear or radial arm actuators must
be able to move off, and away from, the storage medium
o a retracted position in order to prevent damage to the
head(s) when a cartridge is inserted and removed from
the disk drive. Moreover, many removable cartridge disk
drives employ a pair of opposing read/write heads for
recording and reproducing information on both sides of
a storage medium. Typically, the opposing heads are
disposed on flexible suspension arms at the distal end
of an actuator that allow the heads to fly closely over the
respective surfaces of the rotating disk.

[0004] Disk drive also require a mechanism for allow-
ing the heads to load only after a cartridge is inserted
into the drive. The actuator that carries the recording
heads of the disk drive across the recording surfaces of
the disk should not be allowed to move unless a disk
cartridge is present. In the prior art, mechanical or elec-
trical switches are typically employed to determine the
presence of a disk cartridge within the drive. Such
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switches are typically positioned so that when a disk car-
tridge is inserted fully into the drive, the cartridge con-
tacts the switch, thereby providing an indication that the
disk cartridge is present.

[0005] When a user has completed the use of a disk
cartridge, a mechanism must be provided to eject the
disk cartridge from the drive and substantially simulta-
neously ensure that the read/write heads are retracted
from the disk into a predetermined safe position so as
to prevent any damage to the read/write heads. Typical-
ly, a tray or spring loaded lever is used to push the car-
tridge out of the drive. The spring loaded tray or lever is
often coupled to the head protection mechanism so that
the heads protection occurs in unison with cartridge
ejection. However, where it is desirable to make the disk
drive as small as possible, the mechanisms for ejecting
a disk cartridge and the linkage to the head retraction
requires additional disk drive space. The result is adrive
that is larger than desirable

[0006] Therefore, there is a need for a compact disk
insertion and ejection mechanism that overcomes the
drawbacks of the prior art.

Summary of the Invention

[0007] The presentinvention is directed to a data stor-
age device of the type that accepts a removable car-
tridge such as a removable cartridge disk drive. The da-
ta storage device comprises a chassis and a sliding le-
ver that is slidably coupled to the chassis and adapted
to engage the removable cartridge and slide with the
cartridge between anfirst (insertion) and a second (ejec-
tion) position. Aflexible arm, having an cartridge holding
means coupled to a distal end thereof, is coupled to the
sliding lever. The flexible arm is adapted to flex away
from the cartridge when engaged by the cartridge when
said sliding lever is in the first position. The flexible arm
is adapted to flex toward the cartridge such that the car-
tridge holding means couples the flexible arm with the
cartridge when the cartridge is inserted a predetermined
distance into the storage device.

[0008] The drive also has a mechanism for preventing
the flexible arm from flexing away from the cartridge
when the sliding lever is in the second position. This lock
the flexible arm to the cartridge and prevents the car-
tridge from sliding out of engagement with the drive dur-
ing drive operation. The preferred mechanism for pre-
venting the flexible arm from flexing comprises a wall
portion of the chassis extending up from the chassis
proximate the second position. Thus, if the flexible arm
flexes outward, the chassis wall constrains its move-
ment.

[0009] The cartridge holding means comprises a pro-
tuberance and cut-out pair. The protuberance could be
coupled to either one of the cartridge or the flexible arm.
The corresponding cut-out would then be cut into the
other one of the cartridge or the flexible arm. Preferably,
the protuberance is attached to the distal end of the flex-
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ible arm and the cut-out is formed in the cartridge. The
protuberance could comprise one of many shapes. Pref-
erably, the protuberance comprises a cammed face.

Brief Description of the Drawings

[0010] The foregoing summary, as well as the follow-
ing detailed description of the preferred embodiments,
is better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the
invention, there is shown in the drawings an embodi-
ment that is presently preferred, it being understood,
however, that the invention is not limited to the specific
methods and instrumentalities disclosed. In the draw-
ings:

Figure 1 is a top plan view of a disk drive according
to the present invention;

Figure 2A is a top view of an exemplary cartridge
for use with the present invention;

Figure 2B is a bottom view of an exemplary car-
tridge for use with the present invention;

Figures 3A shows the cartridge of Figures 2 in an
eject/pre-insertion position in relation to the drive of
the present invention;

Figures 3B shows the cartridge of Figures 2 ina pre-
eject/loaded position in relation to the drive of the
present invention;

Figure 4A and 4B show the operation of the car-
tridge retention mechanism in accordance with the
present invention;

Figures 5A and 5B show the operation of the load
eject lever in conjunction with the gear and pinion
mechanism of the present invention; and

Figure 5C shows an isometric view of pinion and
sliding lever engagement.

Detailed Description of Preferred Embodiment

[0011] The present invention provides a removable
media type of disk drive and a corresponding exemplary
cartridge. Throughout the description, a preferred em-
bodiment of the invention is described in connection with
exemplary components. For example, a disk cartridge
is shown with particular dimensions and shape, and the
drive is shown having a rotary actuator. However, the
particular disk drive and cartridge shown are provided
only to illustrate the operation of the present invention.
Accordingly, the invention should not be limited to the
particular cartridge or drive embodiment shown as the
invention can be employed with other cartridge and
drive types and configurations.

[0012] Figure 1 is a top view of a disk drive 50 with its
top cover removed and the components moved from
there relative operational positions for clarity. Drive 50
comprises a chassis 57, an actuator 49 (preferably a ro-
tary actuator), including an opposing pair of load beams
44 having a read/write head 46 disposed at the end of
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each load beam, a spindle motor 52 and a spindle 40,
a load ramp 47, a shutter opening arm 48, and a load/
eject mechanism which includes pinion 36, gear 24, slid-
ing lever 22, and lever compression spring 23. The op-
eration of the load eject mechanism is described more
fully below. A disk cartridge can be inserted into the front
of the drive in the direction indicated by the arrow. During
insertion, the cartridge slides linearly along the top sur-
face of chassis 57 and spindle motor 52 for engagement
with the read/write heads 46. A system for disk cartridge
hub engagement with the drive is described more fully
in co-pending patent application Serial No. 08/920,932
entitled "MEDIA HUB MOUNTING SYSTEM FOR MIN-
IMIZING Z-AXIS TRANSLATION" filed August 29,
1997, which is hereby incorporated by reference in its
entirety.

[0013] Figures 2A and 2B present top and bottom
views of an exemplary disk cartridge 10 for use with the
drive 50 of the present invention. Disk cartridge 10 com-
prises a flexible magnetic disk 14, a disk media hub 12,
top and bottom cartridge shell halves 18a and 18b, a
rotary shutter 16, and a shutter pivot pin 20. Shutter 16
rotates within cartridge 10 between an open position
and a closed position. In the open position, shutter 16
is rotated away from a generally wedge shaped disk ac-
cess opening 13 that is formed in cartridge shell 18, ex-
posing the top and bottom surfaces of disk 14 for access
by a read/write head or heads contained within a disk
drive. In the closed position, shutter 16 is rotated over
disk access opening 13, sealing disk cartridge 10 and
protecting disk 14. The flexible magnetic disk 14 is
formed of a thin polymer film, such as MYLAR, and has
a thin magnetic layer uniformly dispersed on the top and
bottom surfaces. The magnetic surfaces magnetically
sensitize the flexible disk 14 and enable the storage of
digital data when the surface is brought into magnetic
communication with a magnetic transducer of the type
commonly found in disk drives. Disk 14 is generally cir-
cular with a circular hole proximate the center of disk 14.
[0014] Media hub 12 is firmly secured to disk 14 such
that the center of hub 12 is aligned proximate the center
of disk 14. Media hub 12 is preferably attached to disk
14 viaa well-known adhesive process. The diskand hub
assembly are rotatably disposed between upper and
lower cartridge shell halves 18a, 18b. Lower cartridge
shell half 18b has a substantially circular spindle access
opening 18c such that a disk drive can provide rotational
power to disk 14 via hub 12. Preferably, said access
opening presents a rounded edge.

[0015] Cartridge shell 18 also comprises a side cut-
out 34 and abutment surface 35. As explained more fully
below, cut-out 34 and abutment surface 35 engage slid-
ing lever 22 during cartridge insertion and ejection. Cut-
out 34 functions to retain the cartridge in drive 50 and
ensure proper cartridge insertion while abutment sur-
face 35 provides a flat surface for engagement and
spring loading of sliding lever 22.

[0016] Referring now to Figures 3A and 3B, the oper-
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ation of disk drive 50 in conjunction with a cartridge 10
is illustrated. Figure 3A shows the drive mechanisms in
the positions that are assumed prior to insertion of a car-
tridge 10, which is the same positions that are assumed
after ejection of a disk cartridge. By contrast, Figure 3B
shows the positions of the drive mechanisms when a
cartridge is fully inserted and the drive is operational.
Referring first to Figure 3A, actuator 49 is retracted onto
load ramps 47. Sliding lever 22 is released (i.e., biased
forward). And, shutter operating arm 52 is ready to en-
gage and rotate open a shutter 16. Shutter operating
arm 52 comprises afinger 52a that is adapted to engage
shutter 16 and rotate it toward the open position during
cartridge insertion. Spring tension is supplied to shutter
16 from within cartridge 10 so that shutter 16 rotates
back to the closed position during ejection of cartridge
10 from drive 50. Referring next to Figure 3B, the car-
tridge is shown in the fully inserted position in drive 50.
The actuator 49 is now allowed to move its read/write
heads 46 across the surface of disk 14, read and writing
information. Spring 23 is loaded to provided an ejection
force to cartridge 10 via sliding lever 22 during ejection
of cartridge 10 from drive 50.

[0017] Referring also to Figures 4A and 4B, the oper-
ation of sliding lever 22 is further illustrated. Sliding lever
23 comprises a flexible arm 23 with a protuberance 32
proximate the distal end. Flexible arm 23 comprises a
flexible material that bends with the application of a side-
wards force. Moreover, protuberance 32 has a shape,
preferably cammed, that is adapted to engage the front
corner 35 of cartridge 10 and to facilitate sidewards
movement of flexible arm 23. As cartridge 10 is inserted
into drive 50, protuberance 32 engages the front corner
35 of cartridge 10. As aresult, when a cartridge engages
protuberance 32, it rides up onto and slides along the
side wall 35b of cartridge 10. An opening 59 in the side-
wall of chassis 57 provides clearance for the flexible arm
23 to flex away from cartridge 10 as cartridge 10 slides
into the drive. When cartridge 10 is sufficiently far
enough into drive 10, protuberance 32 aligns with cut-
out 34 in cartridge 10 proximate the position indicated
by line "A" and flexes back, engaging cut-out 34. As car-
tridge 10 is inserted yet further into drive 50, abutment
surface 35 of cartridge 10 contacts an end 22a of sliding
lever 22, thereby urging sliding lever 22 to slide in tan-
dem with cartridge 10 as cartridge 10 continues into
drive 50. As cartridge 10 moves further into drive 50,
sliding lever 22 slides from a position proximate the line
"A" to a position proximate the line "B". At this point, flex-
ible arm 28 has moved into chassis 57 past sidewall
opening 59 thereby constraining flexible arm 23 by the
chassis sidewall. Because the sidewards movement of
flexible arm 23 is thus constrained, cartridge 10 is locked
into drive 50. Furthermore, the insertion force on car-
tridge 10 and sliding lever 22 compressively loads
spring 23 (see Figure 3B).

[0018] Referringnowto Figures 5Aand5B in conjunc-
tion with Figures 3A and 3B, the operation of the load/
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eject mechanism of the present invention is described.
From a user's standpoint, a cartridge 10 is loaded into
operating position in drive 50 by pushing the cartridge
10 forward into drive 50 and then releasing the cartridge.
Cartridge 10 is ejected from drive 50 by again pushing
cartridge 10 forward into drive 50 and releasing. The
load eject mechanism that provides this user interface
comprises the sliding lever 22, pinion 36, and gear 24.
Pinion 36 comprises teeth 36a, and race 26. In addition
to the details provided above, sliding lever 22 comprises
an ear 39 with a post 38 projecting downwardly from ear
39 and into race 26 of pinion 36. Gear 24 comprises a
coil spring 21, latch 28, and teeth 24a. Teeth 24a engage
teeth 36a of pinion 36, and latch 28 provides a mecha-
nism to lock actuator 49 in a retracted position when not
in operation.

[0019] InFigure 5A, cartridge 10 has been pushed far
enough into drive 50 such that protuberance 32 has en-
gaged cut-out 34 in cartridge 10. At this point, cartridge
abutment surface 35 has engaged sliding lever 22,
which is in a position proximate the line "B". Pinion 36
is in a rotary position proximate the line "C" and gear 24
is in a rotary position proximate the line "E". Post 38 of
sliding lever 22 is in race 26 proximate location "a". Now,
as cartridge 10 is pushed further into drive 50, it urges
sliding lever 22 from a position proximate line "A" to a
position proximate line "B", moving post 38 along race
26 from a point proximate "a" to a point proximate "b".
This movement causes the post to travel along the path
indicated by the dashed lines in race 26 in Figure 5B.
The movement of post 38 along race 26 provides a ro-
tational force to pinion 36 causing it to rotate counter-
clockwise from a position proximate line "C" to a position
proximate line "D". Simultaneously, as sliding lever 22
travels further into drive 50, spring 23 is loaded. While
pinion 36 rotate, teeth 36a engage teeth 24a, rotating
gear 24, against the bias of spring 21, from a position
proximate line "E" to a position proximate line "F". Just
as cartridge 10 travels past its operating position, post
38 engages the end of the first leg of race 26 at point
"a1", preventing further forward travel of post 38. Be-
cause post 38 cannot travel further forward, sliding lever
22 and cartridge 10 cannot move forward, signaling the
user that cartridge 10 has been pushed fully into drive
50. When the user releases cartridge 10, spring 23 bi-
ases post 38 to travel within race 26 from point "al" to
point "b" where it comes to rest with cartridge 10 locked
in the operating position. Latch 28 has rotated with gear
24 away from lever 45 on actuator 49 by an amount in-
dicated by the angle between lines "E" and "F". As a
result of the rotation of latch 28, actuator 49 is free to
move read/write heads 46 over the surface of disk 14.

[0020] Figure 5C shows an isometric view of the en-
gagement between post 38 of sliding lever 22 and race
26 of pinion 36. Race 26 is inset into pinion 36 providing
a track for post 38. Post 38 projects downwardly from
ear 39 of sliding lever 22 into race 26. Ramp 25 in race
26 helps control the direction of travel of post 38 in race
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26, ensuring that post 38 can only travel around race 26
in a counter-clockwise direction.

[0021] Disk ejection is reversed from the process de-
scribed above. To start the ejection, a user once again
push cartridge 10 forward into drive 50. The forward
movement of cartridge 10 moves sliding lever 22 into
drive 50. This forward movement of lever 22 moves post
38 in race 26 from a point proximate "b" to a point prox-
imate "c". Simultaneously, pinion 36 is free to rotate
clock-wise with the aid of spring loaded gear 24. At this
point, forward movement of cartridge 10 is once again
constrained, indicating to the user to stop pushing on
cartridge 10.

[0022] As the user stops pushing on cartridge 10,
spring 23 biases sliding lever 22 from a point proximate
line "B" to a point proximate line "A", as post 38 moves
down race 26 from point proximate "c" to point proximate
"a". The spring force applied to sliding lever 22 also pro-
vides a force to eject cartridge 10 from drive 50. Mean-
while, as spring 21 rotates gear 24 counter-clockwise,
latch 28 moves actuator 49 to a parked position via lever
45. The heads are parked by moving load beams 44 and
heads 46 onto load ramp 47. The mechanism for loading
and unloading heads 46 is described in further detail in
co-pending Patent Application Serial No. 08/920,594
entitled "SCISSORING LOAD RAMPS FOR A REMOV-
ABLE MEDIA DISK DRIVE" filed August 29, 1997,
which is hereby incorporated by reference in its entirety.
[0023] The above description of preferred embodi-
ments is not intended to impliedly limit the scope of pro-
tection of the following claims. Thus, for example, ex-
cept where they are expressly so limited, the following
claims are not limited to applications involving disk drive
systems.

Claims

1. A storage device of the type accepting a removable
cartridge, comprising:

a chassis having a side wall with an opening
therein;

a sliding lever slidably coupled to said chassis
and adaptedto engage the removable cartridge
and slide with said cartridge between afirst and
second position;

a bias means forcing said sliding lever toward
a first position; and

aflexible arm coupled to said lever, said flexible
arm having a protuberance at a distal end
thereof adapted to engage said cartridge,

said flexible arm flexing away from said car-
tridge and into said side wall when said sliding
lever is in said first position and cartridge is in
a first engagement position with said protuber-
ance, said flexible arm flexing toward said car-
tridge such that said protuberance engages a
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cut-out in said cartridge when said cartridge is
inserted a predetermined distance into said
storage device.

The storage device as recited in claim 1 wherein
said protuberance comprises a cammed face.

A storage device of the type accepting a removable
cartridge, comprising:

a chassis;

a sliding lever slidably coupled to said chassis
and adapted to engage the removable cartridge
and slide with said cartridge between afirst and
second position; and

a flexible arm having a protuberance at a distal
end thereof adapted to engage said cartridge,
said flexible arm being coupled to said slidable
lever;

said flexible arm being adapted to flex away
from said cartridge when engaged by said car-
tridge when said sliding lever is in said first po-
sition, said flexible arm being adapted to flex
toward said cartridge such that said protuber-
ance engages said cartridge when said car-
tridge is inserted a predetermined distance into
said storage device;

means for preventing said flexible arm from
flexing away from said cartridge when said slid-
ing lever is in said second position.

The storage device as recited in claim 3 wherein
said means for preventing said flexible arm from
flexing comprises a wall portion of said chassis ex-
tending up from said chassis proximate the second
position.

The storage device as recited in claim 3 wherein
said protuberance comprises a cammed face.

The storage device as recited in claim 3 wherein
said protuberance has a substantially rounded face.

The storage device as recited in claim 3 wherein
said cartridge comprises a cut-out adapted to ac-
cept said protuberance.

A storage device of the type accepting a removable
cartridge, comprising:

a chassis;

a sliding lever slidably coupled to said chassis
and adapted to engage the removable cartridge
and slide with said cartridge between afirst and
second position; and

a flexible arm having an cartridge holding
means coupled to a distal end thereof, said flex-
ible arm being coupled to said slidable lever;
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said flexible arm being adapted to flex away
from said cartridge when engaged by said car-
tridge when said sliding lever is in said first po-
sition, said flexible arm being adapted to flex
toward said cartridge such that said cartridge
holding means couples said flexible arm with
said cartridge when said cartridge is inserted a
predetermined distance into said storage de-
vice;

means for preventing said flexible arm from
flexing away from said cartridge when said slid-
ing lever is in said second position.

The storage device as recited in claim 8 wherein
said means for preventing said flexible arm from
flexing comprises a wall portion of said chassis ex-
tending up from said chassis proximate the second
position.

The storage device as recited in claim 9 wherein
said cartridge holding means comprises a protuber-
ance coupled to one of said cartridge or said flexible
arm and a corresponding cut-out in said other one
of said cartridge or said flexible arm.

The storage device as recited in claim 3 wherein
said protuberance comprises a cammed face.

A cartridge for use in a disk drive, said cartridge
comprising:

an outer shell having top and bottom planar sur-
faces, at least two side walls between said top
and bottom planar surfaces;

a flexible magnetic media disposed within said
outer shell;

an indent portion defined in one of said two side
walls of said outer shell, said indent portion
adapted for engagement with a protuberance
in the disk drive for retaining said cartridge in
said disk drive.

The cartridge as recited in claim 12 wherein said
outer shell further comprises a front peripheral edge
defining at least a partially arcuate shaped front por-
tion of said outer shell, and a media access opening
proximate the front peripheral edge of said outer
shell, an angular transition between one of said side
walls and said front peripheral edge, said indent de-
fined in said one side wall proximate said angular
transition.

The data cartridge as recited in claim 13 wherein
said angular transition forms a substantially right
angle.

The data cartridge as recited in claim 12 wherein
said indent is adapted to mate with a projection in
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16.

17.

18.

19.

20.

21.

22,

23.

10
the disk drive.

The data cartridge as recited in claim 15 wherein
said indent comprises a substantially arcuate notch.

A data cartridge for use in a storage device com-
prising a chassis, a sliding lever slidably coupled to
said chassis and adapted to engage the removable
cartridge and slide with said cartridge between a
first and second position; and a flexible arm having
a cartridge holding means coupled to a distal end
thereof, said flexible arm being coupled to said sli-
dable lever, said data storage cartridge comprising;

an outer shell comprising top and bottom planar
surfaces, and front, back and two side periph-
eral edges;

a medium disposed within said outer shell;
amedia access opening proximate the front pe-
ripheral edge of said outer shell for permitting
said storage device to access said medium;
an indent portion defined in at least one of said
two side peripheral edges of said outer shell,
said indent portion adapted for engagement
with the cartridge holding means.

The data storage cartridge as recited in claim 17
wherein said holding means comprises a protuber-
ance.

The data cartridge as recited in claim 18 wherein
said protuberance comprises a cammed face.

The data cartridge as recited in claim 17 wherein
said indent portion is proximate a front portion of
said outer shell.

The data cartridge as recited in claim 17 wherein
said front peripheral edge comprises a substantially
arcuate portion.

The data cartridge as recited in claim 17 further
comprising a shell, said shell rotatably disposed
within said outer shell for opening and closing over
said media access opening thereby allowing selec-
tive access to said media.

A data cartridge for use in a data storage device,
comprising:

an outer shell have top and bottom planar sur-
faces, a front peripheral edge defining at least
a partially arcuate shaped front portion of said
outer shell, two side peripheral edges, and a
media access opening proximate the front pe-
ripheral edge of said outer shell;

an internal shell comprising top and bottom sur-
faces, said internal shell rotatably disposed
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within said outer shell;

a media disposed within said internal shell be-
tween said top and bottom surfaces;

an indent defined in at least one of said two side
peripheral edges.

The data cartridge as recited in claim 23 wherein
said indent comprises a substantially arcuate notch.

The data cartridge as recited in claim 23 wherein
said indent is disposed in said outer shell proximate
a front peripheral edge.

The data cartridge as recited in claim 23 further
comprising a substantially right-angled transition
between one of said side peripheral edges and said
front peripheral edge and a rounded transition be-
tween said other side peripheral edge and said front
peripheral edge, said indent defined in said one side
peripheral edge proximate said substantially right-
angled transition.

The data cartridge as recited in claim 23 wherein
said indent comprises a substantially arcuate notch.
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